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Abstract
Locust control operations, carried out by the Australian Plague Locust
Commission (APLC), typically coincide with times of insect abundance as well as the
breeding periods of many oviparous Australian vertebrates. Maternal exposure and
storage of pesticides can result in the subsequent deposition of these lipophilic
chemicals within the yolk lipids. Thus, these chemicals can be sequestered within an
egg, exposing the embryo throughout its in ovo development. Fenitrothion and fipronil
are pesticides currently in use by the APLC. A few teratogenic studies have been
conducted regarding in ovo exposure to fenitrothion, though exposure occur during the
later stages of development and was not modeled as maternal deposition in yolk. To
date no in ovo study has investigated the effects of fipronil on development.

The lethal effect of fipronil varies widely between species, making toxicity to a
given species difficult to predict. Limited research on rats has suggested that fipronil
may adversely affect normal thyroid function, causing an increase in thyroid hormone
clearance and related changes in thyroid hormone levels and regulation. Using these
findings as a starting point, further investigation was warranted into the full extent of
fipronil’s interaction with the thyroid system.

Eggs of the domestic chicken were treated in ovo at day 3 of development with
either fenitrothion or fipronil over a range of doses. Controls included groups that
received the oil vehicle only or that received no injection. Measurements oxygen
consumption of embryos were made on days 12, 14, 16, 17 and 18 of incubation. Upon
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hatch, body mass and skeletal lengths of the skull and tarsus were measured. Blood was
collected and analyzed for either cholinesterase inhibition (a biomarker for fenitrothion
exposure) or plasma thyroxine levels (for fipronil treated eggs).

Embryos treated with fenitrothion did not differ significantly between treatments
in hatchability, body mass or skeletal measurements. Plasma total, acetylcholinesterase
and butyrlcholinesterase activities followed a weak linear pattern, increasing as the dose
increased, but were not significantly different from controls. Oxygen consumption for
the control group was significantly higher than the fenitrothion 0.1 and 5.0 mg/kg
treatment groups, however none of the treatment groups differed significantly from the
oil-injected group.

Embryos treated with fipronil in general exhibited lower hatchability at the
highest doses, although there were no statistically significant differences between
fipronil treated groups and the controls. There were also no statistically significant
differences between treatments in body mass or skeletal measurements. While plasma
thyroxine levels in general increased with increased dose, there were no statistically
significant differences between the fipronil and the oil-treated groups. Oxygen
consumption of the embryos in the control group was higher than fipronil-treated
groups over time, but there were no statistically significant differences between dose
treatments.
In a separate pilot study, I gave breeding female Zebra Finches oral doses of
fipronil (100, 200 and 500 mg/kg and control oil) to determine the extent of maternal
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transfer of the pesticide to the egg yolk. All eggs laid by these females were collected
within a day of laying for 3 weeks after treatment and analysed for fipronil residues.
Although the total number of eggs laid by treated females was small, there was a weak
dose dependency in fipronil deposition in yolk. The degree to which this may affect
embryo development was not examined as part of this thesis.

v

TABLE OF CONTENTS
Abstract................................................................................................................. iii
CHAPTER 1................................................................................................................. 1
REVIEW OF THE EFFECTS OF FENITROTHION AND FIPRONIL ON NON-TARGET
VERTEBRATES ............................................................................................................. 1
1.1 Introduction ..................................................................................................... 1
1.2 Fenitrothion ..................................................................................................... 4
1.2.1 Chemical Properties................................................................................. 4
1.2.2 In vivo Effects of Fenitrothion.................................................................. 5
1.2.2 Effects of Fenitrothion in Field Trials...................................................... 7
1.2.3 Mechanism of Action ................................................................................ 8
1.2.4 Invertebrate Toxicity ................................................................................ 9
1.2.5 Vertebrate Toxicity ................................................................................. 10
1.3 Fipronil .......................................................................................................... 11
1.3.1 Chemical Properties............................................................................... 11
1.3.2 Fipronil Metabolites............................................................................... 12
1.3.3 Mechanism of Action .............................................................................. 14
1.3.4 Invertebrate Toxicity .............................................................................. 15
1.3.5 Vertebrate Toxicity ................................................................................. 18
1.4 Thyroid Function and Pesticides ................................................................... 20
1.4.1 Normal thyroid function ......................................................................... 20
1.4.2 Thyroid function and development ......................................................... 21
1.4.3 Xenobiotics and Thyroid Hormones....................................................... 22
1.5 Maternal Transfer of Fipronil........................................................................ 24
1.6 Developmental Risk and Locust Control pesticides: the present study ....... 26
1.6.1 Study Aims .............................................................................................. 28
CHAPTER 2............................................................................................................... 29
METHODS DEVELOPMENT AND FINAL STUDY DESIGN ............................................. 29
2.1 Introduction ................................................................................................... 29
2.2 General Handling Procedures........................................................................ 31
2.2.1 Test Subjects ........................................................................................... 31
2.2.2 Incubation of Eggs.................................................................................. 32
2.2.3 Treatments .............................................................................................. 32
2.2.5 Post Hatching Procedure ....................................................................... 33
2.3 Pilot Studies................................................................................................... 33
2.3.1 Pilot Study Methods................................................................................ 34
2.3.2 Pilot Study Results.................................................................................. 34
2.3.3 Pilot Study Discussion............................................................................ 35
2.4 Final Study Design ........................................................................................ 37
2.4.1 Final Study Methods............................................................................... 37
2.4.2 Conclusions ............................................................................................ 39
CHAPTER 3............................................................................................................... 40

i

FIPRONIL: HATCHABILITY, POST-HATCHING MORPHOMETRICS AND THYROID
HORMONE STATUS .................................................................................................... 40
3.1 Introduction.................................................................................................... 40
3.2 Methods.......................................................................................................... 45
3.2.1 Egg Treatment......................................................................................... 45
3.2.2 Plasma Thyroxine Assay ......................................................................... 45
3.2.3 Maternal Transfer................................................................................... 46
3.2.4 Statistical Analysis .................................................................................. 46
3.3 Results............................................................................................................ 47
3.3.1 Hatchability............................................................................................. 47
3.3.2 Morphometric Comparisons ................................................................... 50
3.3.3 Chick Mass Vs. Egg Weight .................................................................... 51
3.3.4 Plasma Thyroxine Levels ........................................................................ 53
3.3.4 Maternal Transfer................................................................................... 54
3.4 Discussion ...................................................................................................... 56
CHAPTER 4 ............................................................................................................... 61
FENITROTHION: HATCHABILITY, POSTHATCHING MORPHOMETRICS AND
CHOLINESTERASE INHIBITION ................................................................................... 61
4.1 Introduction.................................................................................................... 61
4.2 Methods.......................................................................................................... 64
4.2.1 Egg Treatment......................................................................................... 64
4.2.2 Cholinesterase Activity ........................................................................... 65
4.2.3 Statistical Analysis .................................................................................. 68
4.3 Results............................................................................................................ 69
4.3.1 Hatchability............................................................................................. 69
4.3.2 Morphometric Comparisons ................................................................... 71
4.3.3 Chick Mass vs. Egg Weight..................................................................... 72
4.3.4 Cholinesterase Characterisation ............................................................ 74
4.3.5 Cholinesterase Inhibition........................................................................ 76
4.4 Discussion ...................................................................................................... 78
CHAPTER 5 ............................................................................................................... 81
THE EFFECT OF FIP OR FEN EXPOSURE ON OXYGEN CONSUMPTION AND METABOLIC
RATE ......................................................................................................................... 81
5.1 Introduction.................................................................................................... 81
5.2 Methods.......................................................................................................... 83
5.2.1 Equipment ............................................................................................... 83
5.2.2 Procedure................................................................................................ 84
5.2.3 Data Analysis .......................................................................................... 84
5.3 Results............................................................................................................ 85
5.3.1 Fenitrothion ............................................................................................ 85
5.3.2 Fipronil ................................................................................................... 86
5.4 Discussion ...................................................................................................... 86

ii

CHAPTER 6............................................................................................................... 89
CONCLUSIONS AND FUTURE DIRECTIONS ................................................................. 89
6.1 Conclusions ................................................................................................... 89
6.2 Future Directions ........................................................................................... 92
APPENDIX I.............................................................................................................. 96
APPENDIX II ............................................................................................................ 98
APPENDIX III......................................................................................................... 101
LITERATURE CITED ........................................................................................... 105

iii

LIST OF TABLES
Table 1.1. Fipronil solubility………………………………………………………. 11
Table 1.2 Fipronil Lethal Dose 50s in avian species……………………………………. 26

Table 2.1 Percent hatchability …………………………………………………… 31
Table 2.2 Proportion of viable eggs post treatment………………………………. 36
Table 2.3 Proportion of eggs viable after methodology tests…………………… 37
Table 2.4 Injection schedule ……………………………………………...……….42
Table 3.1 Comparison of hatchability for eggs exposed to Fipronil …………….... 54
Table 3.2 Descriptive statistics for chick body measures ………………………… 56
Table 4.1 Reagents used in a cholinesterase activity……………………………….71
Table 4.2 Comparison of hatchability for eggs exposed to Fenitrothion………… 76
Table 4.3 Descriptive statistics for body measures ……………………………… 77
Table 4.4 ChE activities in Chick plasma 24 hours post-hatch …………………

83

Table 5.1 Mean oxygen consumption for embryos exposed to fenitrothion……… 85
Table 5.2 Mean oxygen consumption for embryos exposed to fipronil ………….. 86
Table A1.1 Comparative toxicity of fipronil across invertebrate species……….….96
Table A1.2 Comparative toxicity of fipronil across vertebrate species…………….97
Table A2.1 Descriptive Statistics for exised femurs in chicks exposedto
fenitrothion…………………………………………………………………………. 100
Table A3.1 Mean oxygen consumption from all embryos alive during incubation in
embryos exposed tofenitrothion…………………………………………………… 102
Table A3.2 Mean oxygen consumption from all embryos alive during incubation in
embryos exposed to fipronil………………………………………………………. 104

iv

List of Figures
Figure 1.1 Common degradation pathways of fenitrothion………………............

4

Figure 1.2 Major metabolic pathways of fipronil ………………………………... 13
Figure 1.3 Glutathione-S-transferase metabolism of fipronil ……………………. 14
Figure 1.4 Effect of fipronil on GABA receptor dynamics………………………. 15
Figure 1.5: Hypothalamic –Pituitary Thyroid Axis ……………………………… 20
Figure 3.1 Percent hatchability of control eggs………………………………….. 49
Figure 3.2 Chick hatching mass compared to egg mass ………………………… 52
Figure 3.3 Mean residuals hatching mass and egg mass for each fipronil dose…. 53
Figure 3.4 Plasma thyroxine levels in day old chicks ……………………………….. 54

Figure 3.5 Median Level of Fipronil residues in yolk …………………………… 55
Figure 3.6 Fipronil residues in relation to days after dosing Zebra Finches…….. 56
Figure 4.1 Percent hatchability of eggs exposed to fenitrothion…………………. 70
Figure 4.2 Regression of chick mass at hatch versus egg mass………………….. 73
Figure 4.3 Mean residuals of egg mass versus mass at hatch …………………..... 74
Figure 4.4 Chick Plasma cholinesterase characterization: determination of
iso-OMPA concentration…………………………………………………………. 75
Figure 4.5 Chick Plasma cholinesterase characterization: Determination of
substrate concentration …………………………………………………………… 76
Figure 4.6 Mean cholinesterase plasma activities in fenitrothion-exposed chicks.. 78
Figure A2.1 Absolute percent hatchability of chicks exposed to fipronil ……….. 98
Figure A2.2 Absolute percent hatchability of chicks exposed to femitrothion…… 99
Figure A2.3 Hatchability by experimental round ……………………………….. 100
Figure A3.1 Mean oxygen consumption over time for embryos exposed
to fenitrothion…………………………………………………………………….. 101
Figure A3.2 Mean oxygen consumption over time for embryos exposed
to fipronil……………………………………………………………………..

v

103

